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[57] ABSTRACT 
Synthetic oligopeptides having potent anti-inflamma- 
tory and phosphohpase A2 inhibiting properties are 
described. A method of controlling inflammation of 
body tissue is also described. 

9 Claims, 4 Drawing Sheets 
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ANTI-INFLAMMATORY AGENTS 

BACKGROUND OF THE INVENTION 

1 . Technical Field 

The present invention is related to anti-inflammatory 
compounds. More particularly, (he present invention is 
related to a new family of synthetic peptides having 
potent anti-inflammatory activity and a method for 
controlling or alleviating inflammation. 

2. State Of The Art 

Inflammatory reactions are involved in a large num- 
ber of human diseases. Some steroid hormones are well 
known modulators of inflammation. It has been sug- 
gested that the steroids exert their effect by decreasing 
the level of tissue prostanoids which are known media- 
ton of inflammatory reactions (for review, see Ferreira, 
Handbook of Inflammatory Diseases 5:107-116, 1985). 
One of the key enzymes controlling the level of arachi- 
donic acid, the substrate for prostaglandin synthesis, is 
phospholipase Aj. A possible mechanism for preventing 
inflammation is the inhibition of this enzyme, thereby 
lowering the level of tissue prostanoids (Flower et al, 
Nature 278:456-459, 1979; Russo-Marie et al, Biochem. 
Biophys. Acta. 712:177-185, 1982; and Hirata Advances in 
Prostaglandin, Thromoxane and Leukotriene Research 
2:73-78, 1983). 

During the past decade several corticosteroid depen- 
dent low molecular weight proteins with phospholipase 
A2 (PLA2) inhibitory activity have been described 
(Hirata et al, Biochem, Biophys. Res. 109:223-230, 1982). 
Lipocortins (DiRosa et al. Prostaglandins 28:441-443, 
1984), a family of such inhibitors induced by cortico- 
steroids, are suggested to be the mediators of anti-in- 
flammatory action of these steroids. A genetically dif- 
ferent protein, blastokinin, also known as uteroglobin, is 
a potent PLA2 inhibitor (Levin et al, Life Sci. 
38:1813-1819, 1986). Heretofore, however, small pep- 
tides that consist of 15 or fewer amino acid residues, 
which include VLDS as a preferred, but not necessarily 
essential, portion thereof, and that possess potent PLA2 
inhibitory and anti-inflammatory activity, such as the 
antiflammin peptides of this invention, have not been 
known or described. 

SUMMARY OF THE INVENTION 
It is, therefore, an object of the present invention to 
provide a family of peptides having potent anti-inflam- 
matory and PLA2 inhibitory activity. These peptides 
are designated herein as "antiflammin". 

It is another object of the present invention to pro- 
vide a pharmaceutical composition comprising, as an 
active ingredient, an anti-inflammatory effective 
amount of antiflammin; and a pharmaceutical^ accept- 
able, non-toxic, sterile, carrier. 

It is a further object of the present invention to pro- 
vide a method for reducing inflammation in a subject or 
tissue afflicted with inflammatory condition, compris- 
ing administering to said subject or contacting the" in- 
flamed tissue with anti-inflammatory amount .of anti- 
flammin in one or more dosage as tolerated by said 
subject. 

Other objects and advantages of the present invention 
will become apparent from the following Detailed De- 
scription of the Invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and many of the 
attendant advantages of the Invention will be better 
understood upon a reading of the following detailed 
description when considered in connection with the 
accompanying drawings wherein: 

FIG. 1 shows the effect of antiflammin- 1 on carragen- 
nin induced inflammation and edema in rat footpad; 
A«=control without any injections; B=<injected with 
1% (0.1 cc) carrageenin solution (note the inflammation 
and edema); C=D» animal was injected with 0.2 cc of 
antiflammin- 1 intravenously, then carrageenin was in- 
jected in the footpads (note the absence of edema and 
inflammation on both feet). 

FIG. 2 are photomicrographs showing the effect of 
antiflammin-1 on carragennin induced inflammation in 
rat foot pads; a>=control (no injection); b "Carrageenin 
injected only; c— canageenin injected, then treated 
with antiflammin 10 u-M; d= carrageenin injected, then 
treated with Ibuprofen 10 u-M; e-carrageenin injected, 
then treated with Dexamethasone 10 «M; f» carragee- 
nin injected, then treated with antiflammin + Ibuprofen; 
g— carrageenin injected, then treated with Dexame- 
thasone •)• antiflammin; h — carrageenin injected, then 
treated with a non-specific protein myoglobin; and io»- 
carrageenin injected, then treated with antiflammin. 
-farachidonate. 

FIG. 3 are photomicrographs showing the effect of 
uteroglobin on phorbol myristatc acetate induced in- 
flammation on rabbit skin; A -control skin (no injec- 
tion); B««phorbol injected (note the inflammatory re- 
sponse); C-uteroglobin (20 jiM) injected after phorbol 
was injected (note the reduction of inflammatory cells 
in this site compared to B); D= Dexamethasone (20 
u-M) injected after phorbol was injected (note similar 
effect as in C); E= uteroglobin and Dexamethasone 
injected following phorbol injection (note the dramatic 
antiinflammatory response, only a few inflammatory 
cells could be seen in this site). 

FIG. 4 shows the dose response curve of uteroglobin 
on phorbol myristate acetate induced erythema (#, Q) 
and induration (A, A) in rabbit skin. Open circles and 
triangles indicate control treatment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The above and various other objects and advantages 
of the present invention are achieved by providing syn- 
thetic polypeptides having amino acid sequence (single 
letter code) selected from the group consisting of 
MQMNKVLDS, HDMNKVLDL, MQMKKVLDS, 
DTMDAGMQMKKVLDS, GMASKAGA1AG, 
G1GKPLHSAG, GIGKPLHSAK, GWAS- 
KIGQTLG, GIGKFLHSAK, and GIGFLHSAG. 

Unless defined otherwise, all technical and scientific 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which 
this invention belongs. Although any methods and ma- 
terials similar or equivalent to those described herein 
can be used in the practice or testing of the present 
invention, the preferred methods and materials are now 
described. All publications mentioned hereunder are 
incorporated herein by reference. 

The term "anti-inflammatory amount" as used herein 
means the amount Which reduces or alleviates inflam- 
mation in the tissue or body. 
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period. 

Purification of uteroglobin: Uterglobin was purified 
according to the method of Nieto et al (Arch. Biochem. 
Biophys. 180:82-92, 1977) with minor modifications as 2 
described by Mukherjee el al, (Am. J. Reprod, Immunol 



5,266,562 

3 4 

M . TCB ,. t c AKn MFTHnrK Induction of inflammation and the effect of utero- 

MATERIALS AND METHODS g)obin . dorsa) $ldn of rabbi , $ was shaved and j 

Animals: Virgin New Zealand rabbits weighting square inch areas demarcated lightly with a felt tip 
3-3.5 Kg were used for all experiments. These animals marker pen. The ink from this pen was tested prior to 
were housed in separate cages and provided with food 5 the initiation of these experiments and was found to be 
and water ad libitum. A daily schedule of 12 hours light noninflammatory. The demarcated areas were used for 
and 12 hours darkness was maintained throughout the identifying the locations where phorbol, carragennin, 
experimental period. or other test substances were injected. Using a 25 gauge 

Sprague Dawly rats of both sexes weighing about 175 needle and a tuberculin syringe (1 cc), phorbol myris- 
to 200 grams were used for testing the anti-inflamma- 10 ute accute solution (10 mM) was injected into all areas, 
tory efTects of uteroglobin and antiflammins in cam- except for two, where no injections were given and two 
geenan induced inflammation in the footpads of these other areas where the solvent of phorbol myristate, 
animals. The animals were housed in groups of ten in dimethyl sulfoxide (DMSO), was injected alone. Van- 
each cage and provided with food and water ad libitum. ou * ««« *"b»t«nces were mjected on one side of the 
A daily schedule of 12 hours of light and 12 hours of IJ vertebral column and the opposite side was used for 
darkness was maintained throughout the experimental con ' rol j- .™»». » th * »y« e » » comparison of phorbol 
induced inflammation with the efTects of various test 
substances could easily be made. These areas were ob- 
served daily and the diameter or the erythema and indu- 
D ration for each lesion was measured by the same ob- 
server. Some of the animals were sacrificed after 72 
2:135-14U98TThuTu7^^^^ bours ° f in j ec j ion "* *« ^ mK ^ » reM ff * e „ skk 

from rabbits primed w th humam chorionic gonadotro- w ™ d ' , *« ed IT 0U, / Z5% \ ln 
pin. The pooled uterine washings were then purified by „ ^ t,8SU " W " C ^ 

Sephadex G-100 gel filtration which resulted in five 25 ^pathological analysi . 

Mayo! eta, (Endocrinolov 95:1534-1538 1974). Upon JQ ^25^ o"r W3!SZffcS*££, 
further purification of the fifth peak on a CM-cellulose were froze B n „ _ 7Q . c umJ) d for 7 0$u . 

column, a homogeneous peak was obtained wh.ch was , andjns A radioimmunoassa) , ^Mars Laboratory 
£f TO? f ° r , mero « 1 ? b "! ln the r/d'ounmunoassay MtdMnt pp . !_ 23 , 1974) WBS used for pr0SUnc> id deter- 
(R1A). This peak was further purified by Sephadex ^winns. A sraa n aliqu0 , (50 o was set aside from 
G-50 column chromatography. The resulting single 35 Mch , e and toul teins were determined by , he 
peak obtained from this column contained substantially method or et ^ {l Biol CA( , m , 19 3:265-269, 

pure uteroglobin as evidenced by isoelectric focusing jjjjj 

with a PI of 5.4, the known isoelectric point of utero- various peptides were dissolved in phosphate buff- 
globm. As a further check of purity, this protein was ered Bl desired concentrations. A 1% carrageenan 
subjected to SDS-PAGE which yielded a single homo- w (al cc) was used in fool pad in j ection . Two XK 0 f 
geneous band as previously reported (Mukherjee, et al, experiments were performed: (i) the animals were in- 
1982, supra). The punfied preparation of uteroglobin jectBd with can-ageenan in bo th hind fool pads and 2 to 
was tyophthzed and used in all tests. 3 „,j nute s later the desired peptide was injected to one 

Synthesis of Antiflammins: Amino acid sequence of foo{ while tne other rece j ve d an injection of equal 
the antiflammins of the present invention allowed cus- 4$ un 0VM 0 f pbs and served as non-treated control; and 
torn synthesis of these oligopeptides by commercially p^ae was in j ected mtrav enously through the dor- 
available, routine peptide synthesizer. Typically, the M i ^1 vejn 2 -3 minutes prior to injection of carra- 
peptides were synthesized by solid-phase methods on a g Cenan in one 0 f the foot psds while the other received 
Biosearch Sam II synthesizer with manual addition of PB S as a control. The animals were sacrified 4 hours 
the ammo acid derivatives. The synthesis was started 50 later and the foot dissected out at the angle of the ankle 
with Boc O-Bzl Ser phenylacetamidomethyl resin at the bony prominence. The weights were measured 
(Omni Biochem) to which the Boc derivatives includ- and recorded. This assay was standardized by using 
ing beta-Bzl Asp (U.S. Biochemical Corp.) and 2-C1-2 uninjecied animals. The weights of the hind feet, when 
Lys (Bachem) were coupled as active esters formed by dissected as described, were found to be remarkably 
reaction with dicyclohexylcarbodiimide and bydrox- 55 similar. After the weights were obtained, the feci were 
ybenzotriazole. The peptide was cleaved from the resin fixed in 2.5% glutaraldehyde in cacodylate buffer (pH 



with hydrogen fluoride in the presence of 7.4) and were used for histopathologjcai analysis, 

anisole and ethyl methyl sulfide for 45 minutes at 4* C. Table 1 lists the amino acid sequences of various 

The peptide was purified by semi-preparative chroma- synthetic antiflammins and Table 4 shows relative 

tography. Sample loads of approximately 50 mg were 60 PLAj inhibitory activity of representative antiflammins. 

chromatographed on a uBondapak Q, 21 X 1 50 mm It should be noted that the family of antiflammins of the 

column (Waters/Millipore) at a flow of about 6 ml/min present invention have potent PLA2 inhibitory activity, 

in 0. 3 % trifluoroacetic acid with a gradient of acetoni- It is further noted that when an (NH 2 ) group is added to 

trile, 0% to 15% in 20 minutes, and continuing at 15% the carboxy terminal, for example, to amiflammin 3, a 

until toul elution of material was obtained. The result- 65 total loss of PLA2 inhibitory activity is observed at 

ing peptide was homogeneous by analytical HPLC and 10- 3 M concentration as shown by tho data in Table 4. 

amino acid analysis (Stewart et al, Solid Phase Peptide Also various deletions from antiflammins 1 or additions 

Synthesis. Pierce Chemical Co. Rockford 111., 1984). to basic tetrapeptide (VLDS) resulted in total dissapear- 



ance of PLAj Inhibitory activity (Table *). These find- 
ings indicate that at least nine amino acids are required 
for antiflammin activity. 

TABLE 1 

AM1NQ AqiP SEQUENCE OF ANTiFLAMMlNS 
Peptide Palginiiop Amino Acid Sequence 
AntUUnunin-l MQMNKVLDS 
Aniinmuoin-2 KOMNKVLDL 
Aati/lMnrain-3 MQMKKVLDS 



« (20 M M) 
Uteroglobin (20 j»M) 
Uteroglobin (20 jiM) pre-treited 



show the additive effect of the combination of utero- 
globin and dexamethasone. 

Table 4 presents evidence that other similar appear- 
ing peptides have no PJLA] inhibitory activity. It is 
S important to note that the antiflaramins of the present 
invention have one and a half times or more PLAj 
inhibitory activity compared to known polypeptides 
such as a POL, magainins and the like (data not shown). 

TABLE 2 

te-toductd Inflmmulon by uteroglobin. 



No Phorbol injected 

Erythema (mm) Induration (mm) Erythema (cam) 

ND ND 29.} St 4 

ND ND 21.0 ± 3 

2 x 0.5 I + 0.02 29.0 X 4 

ND ND 10.5 * 1.2 



2.5 X 1.0 
21.4 * 4.6 
26.3 X 7.3 



S.) ± 2.0 
5.) X 0.» 

21.3 ± 3.4 

1.1 X 0.6 
1S.6 X 1.8 

22.4 ± 4,0 



DTMDAQMQMKK VLDS 

GMASKAGA1AG 

GIOKPLHSAG 

OIGKPLHSAK 

O WASK 1GQTLG 

GIGKPLHSAK 

G1GKFLHSAG 



FIG. 1 demonstrates the effect of antiflammins (illus- 35 
trated by antiflammin- 1), on carragennin induced in- 
flammation and edema in rat foot pads. The absence of 
edema and inflammation is noteworthy on both feet at 
0.2 ml of 10 u.M solution of antiflammin- 1 injected intra- 
venously. 40 

FIG. 2 presents histological evidence of the effect of 
antiflammin, with and without the combination of other 
agents, on carragennin induced inflammation in rat foot 
pads. The superior anti-inflammatory effect obtained 
with antiflammin alone at 10 /iM concentration com- 45 
pared to the same concentration of dexamethasone is 
remarkable. The results also indicate anti-inflammatory 
efficacy of a combination of antiflammin and dexameth- 
asone. 

Similar anti-inflammatory effects were observed 50 
when antiflaramins were used in combination with ibu- 
profen. This combination was less effective as com- 
pared to the combination of dexamethasone and anti- 
flammin, (FIG. 2). The anti-inflammatory effects of 
antiflaramins were abolished when these substances 55 
were used in combination with equimolar amounts of 
arachidonate (FIG. 2) suggesting, again, that the anti- 
flaramins exert their effects predominantly by inhibiting 
phospholipase A2 enzyme activity and not by inhibiting 
cyclo- or lipo-oxygenase enzymes as is the case in the 60 
action of nonsteroidal anti-inflammatory agents. 

FIG, 3 and Table 2 show the effect of uteroglobin 
alone and in combination with other agents on phorbol 
induced inflammation. Table 3 shows the effect of 
uteroglobin alone and in combination with other agents 65 
on prostanoid levels in tissues injected with phorbol. 
The data clearly demonstrate the efficacy of utero- 
globin as an anti-inflammatory agent. The data also 



Tre»imeni + 



I. Comrol (No phorbol)* 
2 Dtmethylsulfoiude 
3. Phosphate buffered saline 
4 Uteroglobin (20 >iM) 

5. Dejuncthuone (20 >M) 

6. Uteroglobin + Dcxuneihuone 

7. Uteroglobin + Arichidon«te (20 jiM) 



NQMKKVLDSfNHi) «■< 



KVLD. MKKVLD. MNKVLD. 



Uteroglobin inhibits both erythema and induration 
induced by phorbol myristate acetate. FIG. 4> illustrates 
the dose response curve as related to erythema and 
induration. Significant inhibitory effect is produced at 
10 /iM concentration of uteroglobin. However, the 
most dramatic effect is observed at a dose of 20 u.M of 
uteroglobin alone. Myoglobin was used as a nonspecific 
control and this protein did not have any suppressive 
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effect on either erythema or induration induced by Of course, a pharmaceutical composition comprising 
phorbol. as an active ingredient anti-inflammatory amount of 

To determine the extent of the inflammatory reac- antiflammin, alone or in combination with other anti-in- 
tions induced by phorbol and the inhibitory efTecl of flammatory agent, such as dexamethasone, in a pharma- 
uteroglobin histopathological assessment of the skin 3 ceutically acceptable, non-toxic, sterile carrier can be 
lesions was made. In FIG. 3, representative histological easily prepared in accordance with the present inven- 
sections of the skin samples showing the effects of phor- tion. The combination can be for local or systemic use 
bol myrisute acetate, uteroglobin, dexamethasone or »nd may be in any suitable form such as an injectable 
dexamethasone plus uteroglobin are presented. Phorbol liquid, ointment, paste, tablet and the like which are 
induced severe inflammatory reaction as evidenced by 10 prepared following standard techniques with or with- 
the accumulation of inflammatory cells. Although both om U' er materials or vehicles well known to one of 
uteroglobin and dexamethasone reduced the density of ordinary skill in the an. 

these inflammatory cells compared to the area of the The invention also provides a method of treating 
skin treated with phorbol alone, the more pronounced inflammation, comprising administering to a host or 
results were obtained when uteroglobin was used in 15 conUcting a tissue afflicted with inflammation, an anti- 
conjunction with dexamethasone similar to the effect mfl»mmatory effective amount of antiflammin or utero- 
produced with a combination of antiflammin with dexa- globus to reduce Inflammation. The antiflammins or 
methasone. Myoglobin injected as a nonspecific control «ero»lobui could or course, also be combined with 
did not have any inhibitory effect. other compatible add.t.ves and the hke well known to 

A quantitative determination of erythema and indura- 20 one of orduur y *">' >" the art 
tion in these lesions were also performed. Measure- „ I« " understood that the ; examples and embodiments 
ments of the diameter of erythema and induration are described bere,n » re for "'«"™« v e purpwi only and 
presented in Table 2. Phorbol induced erythema within ,hi 1 ^ nous ■»<* ««»'<>«» or Chang* m light thereof 
half an hour of injection and measurable induration „ wll be suggested to persons sWled m the art and are o 
appeard within 12 hours. Uteroglobin as well as dexa- 25 * mcIud < d wl,hm f lh v e s P lnt and »™ ew of this W" 
meYhasone in equimolar concentrations dramatically Ml ' 0 , n ** d ^ ° f . lhc *PP cnded clalms - 
reduced both erythema as well as induration. These , . 1$ • 1S: .-^ , . A , 

„«■_„,,. „,.„ _ ' „„,„„„„„.,, „,„„„i„i,i„ ,„j 1- A antiflammin peptide selected from the group 
enects were more pronounced when uteroglobin and „_•„.• „ f 1( niiMinn -r>c unuuirvini 
dexamethasone were injected in combination. The in- „ f,~ n * °' ^ nTMnAPMnMKKvfm ' 
hibitory effect of both uteroglobin and dexamethasone 30 TS^taSfoE »SL h 
was overcome by arachidonic acid injection into the M LnKVLDS 

lesions previously injected twirt . either or both of these £ ^ anliflaininin tide of claim , which „ 
substances. Additionally, the inhibitory effects of utero- HDMNKVLDL 

globin were abolished when uteroglobin pretreated 35 4> The antlfltmlnin ot claim j which 8 

with its antibody was used (data not shown). Both ar- MQMKKVLDS 

achidonic acid and DMSO induced some erythema and s . Xhe inlinammin peptide of c i aim ! which j 5 
induration. DTMDAGMQMKKVLDS. 

To determine whether the inflammatory reaction 6 . A pharmaceutical composition for treating inflam- 
caused by phorbol was mediated by prostaglandins 40 mation comprising a peptide of claim 1 and a pharma- 
(PG) and whether uteroglobin affected these levels, the ceutically acceptable carrier. 

tissue level of prostanoids were determined. Both 7. The pharmaceutical composition of claim 6 further 
PGE 2 and PGFio levels were determined in the skin comprising an anti-inflammatory effective amount of 
lesions. These results are presented in Table 3. The dexamethasone or ibuprofen. 

control skin without phorbol injection had a very low 45 8. A method of treating inflammation in a patient 
level of the prostaglandins. Phorbol injection increased comprising administering to the patient an ami-inflam- 
PGF20 approximately 10-fold and PGE 2 8-fold com- matorv effective amount of a peptide chosen from the 
pared to the control values. Uteroglobin dramatically group consisting of MQMNKVLDS, HDMNKVLDL, 
reduced these prostanoid levels as did dexamethasone. MQMKKVLDS, DTMDAGMQMKKVLDLS, 
Again, uteroglobin and dexamethasone together had an $0 GMASKAGA1AG, G1GKFLHSAK and GIGKFL- 
additive effect on prostanoid levels. Injection of ara- HSAG. 

chidonate with either dexamethasone or uteroglobin 9. A method of treating inflammation in a patient 
abolished the inhibitory effects of these substances. comprising administering to the patient an ami-inflam- 

It is clear from these results that both, uteroglobin matory effective amounl of a peptide of claim 8 mixed 
and antiflarnmins are potent anti-inflammatory agents 5J with an anti-inflammatory effective amount of dexa- 
and antiflarnmins, in nM amounts, are also potent PLA2 methasone or ibuprofen. 
inhibitor. * • • • * 



60 
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